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This report esriea (Vols. ljxiY pressnts the cheaicsl csssuresents 

isad« by the Atstospharic Chssaistry Group of th® National C©at«r for 

Atmospheric Research (HCAR) for the project, Trace Cheaiatry of Tropical 

Ataospherea, supported in part by the Amy Research Office (ASLQ>, Durham, 

N.C. (contract DAHC04 67-C0024). The stu2y was conducted fro» February 

1965 to January 1970» vhile the Ataoapheric Chemistry Group vas part of 

the KCAR Laboratory of Atmospheric Science. The report series also 

includes ihe chemical and biological measurements made by the U.S. Army 

Tropic Test Center (USATTC) for the project« Environmental Beta Base for 

Regional Studies in the Humid Tropics (al^ referred to in this report 

series as the Data Base Program), sponsored by the Office of the Secretary 

of Defense, Advanced Research Project« Agency (ASPA), Directorate of 

Remote Area Conflict, and by the Department of the Army, Office of the 

Chief of Research and Development, Army Research Office, Washington, D.C. 

This study has also been published as USATTC Technical Ssport Mo. 7109001. 

The chemical and biological data In this report series era com- 

bined with soil and meteorological data to form am environmental data * 

bank consisting of measuxemanta made la Panama im the Data Be*'» Program. 

Copies of this data bank are deposited at Heade.eartera, U.S. Army Scat 

and Evaluation Command, Aberdeen, lfd., and at the Earth Sciences Division« 

U.S. Army Engineer Topographic Labs, Port Belvoir, Va. 

I of rsport series describes the project and taw'3* 

aampling altes used for chemical and biological sssplisg (most of «fetch* 

are la the Canal Zoas)»<"-, 
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Volum II describes the esthodi used in «asspiing and analyzing 

steoipheric tract gas«« and ineludst tabulation« of all gat data. 

Gas«« measured wert sulfur dioxide, nitric oxide, nitrous oxide, nitro- 

gen dioxide, asramla, aliphatic aldehydes, and hydrocarbon«. 

Voluat III dctcribtt the «ethod« used in stapling and analysing 

partleulate natter and include« tabulation of all particuiatt data. 

Measurement« included «it« distribution« of chloride- and sulfata- 

contalnlng particle« collected on atabrtnt filter«, matt of partlclea 

on Kuclepore and glatt fiber filtert, optical dentity of ptrtlele« 

collected on paper tape and in «pore trap«, nett of formaldehyde- 

containing particle« collected by lapactlon, and percentaget of aorpho^- 

logical typet collected by lapactlon. 

Voluat IV describee the atthodt used in collecting and analysing 

biological samples and ineludet ttbulttlont of ell such data. Maature- 

■ant« «ere «ade of turface deposition« of microorganisms, couceu- 

trationa of airborne «dcroorganitat)( accumulation of litter, nuabert 

and typet of flying Insects, and nitrogen content of flying intecte. 

Voluat V providet full Inforaatlon on atorage and retrieval of 

data frca the data bank, and deecrlbot the coding used for etch type 

of data. 

References for etch voluat ere listed according to the order in 

which thsy «re called oat in text, sad appear la text ss nuabert 

within brockets. Dupllcstions occur through ell five Toluats. 
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*   - 3 A.  OBJECTIVES 

Th« background and objectives of tha U.S. Aresy Knviroaaantal 

Data Baa« for Regional Stadia* In the Busaid Tropic» (Data Baa« 

Progran) haw baen daacribed by th« USATTC 11-6 ]. During early 

consultetiona vlth HCAR, It b«cea« cle-tr that a cooperative «ffort 

by RCAR and tha USATTC on ches&cai «aasureaent« «si« undar tha 

Data Baaa Progra» would anabl« SCAR to achieve parallel but dis- 

tinct objectives of ita own. »CAR*a objectives «ere to: <l> 

seasure existing concentrationa of t«.*e atmospheric constituents 

in the tropics; (2> determine charaeterlatlcs of the chaalcal 

reactione occurring in the at»osphere of the haaftl tropics; and 

(3) character!«« the einka and sources of trace atootpheric eon- , 

stltuents In the tropics. 

B.  COWraACTUAL AGSEagMT 

During 1965-66 th« USATTC provided support for travel by 

SCAR peraonnel to the Canal Zone. During thle preliminary 

period, «ethode «ere field tested and USATTC peraonnel «ere 

trained to sake selected «aaauremente on a continuing basis. 

These early studlea provided data of such a nature F7l «tat • for- 

mal contract to provide support for travel end equipment «as re- 

quested fro« the Amy Research Office, Durban, *. C.» so that 

a «ore lntenelve and systematic lnveatlgatloa :ould be «ade. 

m 
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Most of the concurrent meteorological, soil, chemical»and 

biological msasuresanta «ere t&scSa at the Alb rock Forest alta 

(sea Sact. II of this voluaa). One-hour average concentrations 

of several gaeas wsra msaaured by US&TTC- peraonnal four times a 

day, twice a week, from the 2-m (under forest canopy) and 46-a 

(above the forest canopy) levels of a tower erected at that cite. 

Aliphatic aldehyde (RCHO, R«Hydrogen or alkyl group) concentra- 

tions ware measured from Kay 1966 to November 1968, and nitrogen 

dioxide (NO ) concentrations were measured in January 1969. 

Aasaonia (N%) concentrations were measured froa February 1967 

through January 1969. The total numbers of these measurements 

at the Albrook Forest site were: ammonia, 1,126; nitrogen 

dioxide, 1,651; and aliphatic aldehydes, 1,546. 

At selected times, NCAR personnel traveled to the Canal Zone 

and, working with USATTC personnel, made additional measurements. 

The numbers of samples measured are given in Table 1. These were 

collected at 25 special sites as well as at the Albrook Forest 

and Chiva Chlva data base sites. The special sites were selected 

to provide data for comparison with those collected to provide 

data for comparison with those collected at the data bast sit«a. 

A limited number of samples were also collected from airplanes, 

helicopters, and a ship. Some samples (or portions of samples) 

were reserved for future analyses. Tabla I shows the present 

storage locations of collected samples. 
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Table I 

HUKBEBS AHD TSPE8 OF CHEMICAL «ASUSOSSTS 

of 

Aaaonla (KH ) 
3 

Kltroua oxide (N20) 

Hitric «side (SO) 

Hltrogan d.«rt*ide (KOj) 

Suliir dioxide <S0_) 

Aliphatic aldehyde* (BCO0) 

Hydrocarbon* (5-25 epeeles 
s*atured par aatspla) 

1,568 

116 

518 

2,055 

518 

1,758 

568 

Flltar • aulfata als« 
distribution 215 

Flltar - optical denelty 10,600 

Flltar - for future analysis > 2S7 

ta'posltory 

Particle« 

iEpactor - t. arsaldahyda content 265 *>**•»• 

Inpactor - elaaalfiad by type 185 . «G*& 

Flltar - amae loading 32 KAR 

Flltar - chloride als* distri- 
bution 253 ..." RCA* , -  '/> 

wans 

p.    msmmxism m> wiäuueam OF «as*..    ",  .■■.;.     C v,:T. -^ 

Tha Data Bate Program a** designed to provide a data ;baa8r/% 

of information and anatyseederived fro« observation* of «elected 

phyalcal and biological ctaamtettM&er^ 

in- 13M tropic».   Although a ltalted «meant of evaluation to*   ' 
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dcna concurrently with data jjatharing, t*a espsct that thasa data 

«III ba used ©3 scare© estesrial for evaluation over a parted of 

Esny ycsra. Batails of data coding, forsat, and storaga are 

glvsn in Vol. V. 

The tasteorologlcal end soil data consist of an extensive, 

relatively homogeneous series of measurements. Summary reports 

of these data have been Issued f8, 91 and a Halted amount of 

evaluation has been published f1-6]. The entire file of meteoro- 

logical and soil data is Incorporated in and available from the 

primary repository of the environmental data bank at the Ü. 8 

Army Test and Evaluation Command Headquarters in Aberdeen, 

Maryland. 

The types and durations of the chemical and biological 

measurements are relatively heterogeneous. The chemical data 

are described in f7, 10-231; methodology of atmospheric sampling I 

and analysis developed in part in Panama are discussed in 

f24-29]. Exemplary data from the study arc used in f30-38], ard 

biological and biological-chemical data are presented In (39- 

46]. In addition, discussions of limited studies wer« ^.Mishtd 

as sections or brief papers in the USATTC semiannual reports I 

f 47-58]. 

Since the chemical and biological data are not excessively 

bulky, they are presented In full in Volus?s XX, XIX, cad XV of 

this report. They are also Included on magnetic rape in the 

data bank. 
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II.    SITS MSC^.T?fI^?'.S. 

The sites used for chetsical end biological eassplisg are listed In 

Tsble 2; »ite locations are shown In Figa. 1-3.    Th« cruise track of 

the S. S. Advrace II (Fig. 3) designates fee sea site; aast of the 

ground sites are depicted in Figs. 4-32; and» the aerial site locations 

are ahown in Fig. 53. 

Table 2 

SI1B USTIBGS (CHEMICAL) 

Site Site                         fits                      Site 
Designation Kane   .                 •■ designation   '       ; Has» ; 

«CAR So«c1«l Sit**                                 Pitt PfflSf,„tttM-'■•■ 

SI Ft. Sheroan-Bunker             81               Albrook Forest 
N2 Ft. Sheraan-Beach.                B2                Chiva Chiva 
N3 lio Pledras 
H4 Skunk Hollow '-'                                            ■;," -, .,-. ■■ 
N5 Ft. Sheraan-Swaap   .            :/"V.':' .'>.:■-:;"■,>- w:, ^.'V,. 
N6 Coco Solo Svsap             ■■..:<   ■"''.- 
N7 Ch*gr** Hlver                           ■--•■    AfilfjJLSiiSt 
N8 Contadora la lend                                                              '■"'"■;-■.•* 
Nil Ho Bate-Savannah                Al                Brujae Point   . 
N12 Madden Hdge load               A2                Chepillo Island 
H13 lio Bato-Beach                     A3               del ley Island 
NU Coco Solo                             A4               Fanes» City 
HIS Pidiaqoe         ,'                   A3                Madden Da» 
H16 Albrook-Boad Bud                 A6               Pidiaene 
*17 Bio Mar                       ■'-.'. ■■■'*?\^v 'V. S«8ka^p# - •> ^'\ 
»18 .   Barbados-East Point      //■•Al*,-'., .;' vtatbado« . ;:^'^ 
*19 Barbados-Mortth Point -           "•■■;:,   .; 
H20 Soskatupo   ■  ■■»..'-■ 
M21 Ague Salud '■ 
H22 ■ Calete Point '                                          !—'   ~:*-r 
H23 
M24 Miraflores Laboratory   ■•■.■    • ■                 . > :?'■ ■ 
»26 

'■&£ 
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A.  Data Bgg« Site» 

Albro<& Forest Q3^t» Basa Sits »1). The Albrook Forest site 

ia In the Peaaaa Canal Zone at let. 9*0,53** «ad long. 79*32'26"; 

ground elevation ranges from 30 to 33 a above sea level. The 

aita has a 4% slop« to the southeast and la In a region of rounded 

hills «hose heights reach 130 n. The nearest hills are 400 a 

to the east; others are 600 a to the northwest. 

A 46-a high walk-up tower was built at the center of the 

site. Figure 4 is an aerial view of the forest showing the 

portion of the tower that extends above the canopy. Figure 5 is 

a view froa th« ground of chemical sampling in progress at the 

46-a level of the tower. 

The alte is on a low, eroslonal terrace where the soil Is a 

residual clay osisol, rich in organic matter, with a light- 

textured surface. The parent material is an aggloaeratlc tuff. 

Further aita detaiia and descriptions of selected soil and 

meteorological measurements can be found in fl-3] and J6J. 

The vegetation consists of many species of trees, shrubs, 

and vines, aany of which are deciduous. Th« top of th« tree 

canopy was 26-28 a above the surface at the beginning of the 

study; by the end of th« study It had grown appreciably. Th« 

forest extends for several kilometers in all directions except 

to the east where it has been cleared. Th« undercanopy vegetation 

at the tower baa« is shown in Fig. 6« 

Detailed studies on the vegetation characteristics at th« 

sit« heve been reported [47, 55-58]. 

I 

I 
I 
f 

i 

I 
1 

•*■—«»"■•■ 



,>N»i--.. 

»I nil,.,, 'J--*
I
I^"

I
'E'»''^.WW''«T^:*^^ 

3* 

P** 

',VV. 

yj"- 
S-a,'--.-'  ;'A**v 

1 

I 

1t..i 
V ■TJ; 

I 

. 
s 
s 
1 

1 

2 - 
I 
I 

I; 

s 



S*l 

m 

SSI 

"5 ,_ 

■sm 

i 



1 

:':.~." ■.-'■.'--i .-;.''} >V>;^"* >'>.i:C*-''     .  ''/:■: 
,*V^-*4>i."-*;-' : -TV"'-^ .■-... A, -'':' 

r£?Tttsr ■■■■; cV/<< :■*«•< 

mm& 
■■""-"""    "'■■••■    - -   -"—---   '■—■-■  ,-  *'■*-■        ^i*~±~-^.^.:^±..,^ 

ata  Hase   äite  --'2   (Chiva  Ci.iva)   ar. d  surr^uv.dir.^s . 
"■' »";' -'   " Mi. 'mim     ii.«ii w.j   IIIIJ.III»M, 

Tv-wv;-  at  0\:va Chiva  sitt 

"*xi. 

I  '5 

3 

I 

I 

8 

8 

'S 

-/• /» 



^■^^ff^s 

13 

B.  Sppelal Sjtea 

Ft. Sharaan-Bu-.Vker (Special Site »1). The Ft. Sheraan« 

Bunker sit« is In the Panama Canal Zone at lat. 9'22'0" and 

long. 79*36'56".  A bunker equipped for uae a* a meteorological 

station occupies the top of a small knoll (Fig. 9). The station 

is operated by a U.S. Army meteorological team. Some samples 

vere collected on the bunker roof; others were collected at the 

top of the knoll directly behind the bunker (Fig. 10). 

The site, at an elevation of 5 m, ir approximately 250 m 

south of the mouth of the Shelter Cove which opens into Limon Bay 

immediately behind a breakwater. Shelter Cove lies to the north- 

east between the bunker and the seashore (Special Site *2). 

"%5^^i& 

*■■« 

ifitlill 

*' 

_ ^.,, .,,„. ...   ^   " ,, A»*|« 

Fig. 9 Hsteorologlcal Station, Special Site »l (Ft. Sherman- 
Bunker) . 
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Fig.  10 View tevard Caribbean Sea from Ft. Sherman-Bunker site. 

Ft. Sherman-Beach (Special Site »2).    The Ft. Sherman- 

Beach site is in the Panama Canal Zone at  lat. 9*22« 10" and 

long.  79"57'9".      A few special samples were collected at this 

site to assess the possible effect of ocean-bottom exposure at 

low tide on the Ft. Shermsn-Bunker site    (Special Site rl). 

Elevation at this site i» 0.3 m «bow« Ma level. 

The sampling site was on the beach at th* edge of a small, 

shallow bay (Figs. 11 and 12).    The bottom of tha bay» an 

extension of the outlying coral reef, is covered with a thin 

layer of coral sand mud and is almost totally exposed during low 

tide. 
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Fig.   11     Special   Sice  -"2   (Ft.   Sherman-Beach). 

Fi^.   12    Chemical   sampling  at   Ft.   Sherrr-an-Beach  site. 
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Rio Piedraa '(Ssacial Slta ?3). The Rio Piedras tit« la In 

the Republic of Pansna et iat. g^'lO" «ad long. 79*44»32". 

The esapling point wes on ths beach of Punta Portete about 200 m 

vast of the south of Rio Fiedrea. Ground level la 1 m above 

sea level. 
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Fig. 13 Special Site »3 (Rio Piedrae), Punta Portate. 
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Fig. 14 Terrain at the Rio Piedras site. 

tig. 15 View toward the Caribbean Sea from the Rio Piedras site. 
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B^-^^oll^wjSse^^Six^J^.    The Skunk Kolluw site is 

in the Paaaaa Canal Zone at lat. 9*19'60" end long. 79*57'16". 

A few special samples were collected At this sit«, which has a 

higher average annual rainfall (330 en) and a »ore «ven seasonal 

distribution of rain than Albrook Forest, so that the dry season 

is much less pronounced. 

Sampling was carried out on the forest floor. The forest 

has a somewhat higher canopy and less understory vegetation 

(Fig. 16) than does Albrook. Elevation is about 23 a. 

r ■■*•■-——' "—^ -~mm~-f~-   n      ^^^mm 

r  4- »(  5c     *i   «%     *r / 

%4- >   .& ^ •'"*  " 
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Fig. 16 Special Site #4 (Skunk Hollow). 
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Ft. Sherman-gwagp (Special Site r5). The Ft. Sherman-Swamp 

■it« (not pictured) Is in th« Panama Canal Zone at lat. 9*20'35" 

and long. 79*57'7".  A few selected sample« were collected 

several meters froa the road in the mangrove swamp bordering 

Limon Bay. Ground level Is 0.5 m. The main vegetation la 

second-growth red mangrove with heights up to 7-8 m. Stems are 

small (to 15 cm D.B.H.—stem diameter at breast height) and 

closely spaced (mean NJIJ).—net nearest distance—2 a). Prop 

roots are extensive and form a thick mass. Vegetation beneath 

the canopy consists of scattered clumps of giant fern. Salt 

water floods the area during extreme tides. -* 

Coco Solo Swamp (Special Site ff6). The Coco Solo Swamp site 

is in the Panama Canal Zone at lat. 9*22'48" and long. 

79*52*44".  The sampling site was about 15 m from the road in 

the mangrove swamp border on an almost landlocked inlet of the 

Caribbean (Fig. 17). 

Vegetative cover ia nearly mature white mangrove to a 

canopy height of 20 m. Steos reach 28 cm D.B.H., but average 

18-20 cm. Mean N.N.D. is approximately 3.5 m. Ground cover 

is restricted to the fern Aero»trichum. No prop roots are 

present, though pneumatophores to heights of 20 cm are 

numerous. Salt water floods the area during extreme tides. 

•A 
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Fig. 17  Sampling at Special Site "6 (Coco Solo Swamp) . 

Chagres River (Special Site ■'-'") .  The Chagres River site is 

ir. the Panama Canal Zone a: lat. 9°10'c" ana long. 79°39'37'\ 

or, a vegetatior.-blocked ir.let of the Chagres River (Fig. IS). 

Samples were collected fror?, the end of the dock shown in Fig. 19. 
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Fig. 18 Special Sit« »7 (Chagras Rivar) 

Fig. 19 Sampling point at Chcgret livar »It«. 
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Contadora Ialnr.d (Special Site #3). Contadora la land ii 

one of tha Pearl Islands In tha Bay of Feneaa on the Pacific 

Bide of tha Isthmus. The site ta at lat. 8'38'ir* «nd long. 

79*2'10" on tha tip of a reeky point (Figs. 20 and 21) at tha 

north end of tha island. 

i II i ■ i a t i «i 111 ■». n ,i , ., i . ,. II,.....i. i  .  l.l!^Wl..ly..W^M.j||U.W,JI,>l,l.|y,..iy 

Fig. 20 Special Site *8 (Contadora Island). 
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Fig. 21 Sampling at Contadora Island site. 

Rio Hato-Savannah (Special Site ffll). The Rio Hato-Savannah 

site is in the Republic of Panama at lat. 8024,31" and long. 

80°8'18".  The area is tropical grassland (savannah) with 

scattered trees on the Pacific coastal plains of Panama (Fig. 22). 

Th«! elevation of the sampling site (Fig. 23) is 30 m. The 

grasses are thick and green during the rainy season, but turn 

brown and are sometimes burned or cut during the dry season. . t 
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tig. 22 Aerial view of tropical savannah, Rio Hato area. 
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Fig.  23    Special  Site •■■■11   (Rio Hato-Savannah). 
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Fig. 24 Sair.pli.ng at Rio Hato-Savanr.ah site. 

Madden Ridqe Road (Special Site ?f!2) . The Madder. Ridge Road 

site is in the Republic of Panama at lat. 9°14'24" and long. 

79°21'39",  adjacent to the road which follows the continental 

divide along the ridge edging the Madden Basin drainage system 

(Fig. 25). The elevation is estimated at 800 m. The general 

area is a lower cloud forest zone. The sampling point was 

located at the edge of an old burn (Fig. 26). 
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Fig. 25 Madden Ridge Road. 

Fig. 26 Special Site »12 (Madden Ridge Road), 
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Rio Rato-Beach (Special Site y!3). The Rio Hato-Be«ch kite 

is in the Republic of Panora et lat. B'IU'ZO"    «nd long. 80,6'22". 

The savannah in this area (see also Special Site »11) extends to 

a bluff on the edge of a sandy beach that bcvSers the Bay of 

Panama (Fig. 27). The sampling etc* is • grassy plot on the 

edge of the bluff abc*s the beach and is fringed with low trees 

and shrv's* (Fig. 28). The site ls on the border of the Rio Hato 

Military Reservation (Fig. 29); elevation at the site ls about 

15 m. 
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Fig. 27    Sand beaches between savannah and Bay of Panama 
(Rio Hato area). 
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hit.   23     Special   Site  -"13   (Rio Hato-3each) 

Fij.   29    Ca.T.p  a:  Rio  Kato-Beach  site. 
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Coco Solo (Special Site y!4). The Coco Solo site Is In the 

Panama Canal Zone at lat. S*22%5T%    and long. 79*51*A3".  Ele- 

vation Is 12 m. The sampling point is a 2-n wide concrete strip 

leading into the forest (Fig. 30). The large annual rainfall 

(330 cm), and subsequently less-pronounced dry season, produces 

a tropical evergreen forest consisting of a luxuriant undergrowth 

in the absence of a high, dense canopy. 
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Fig. 30   Special Sit« rlA (Coco Solo), 
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Pidtagua (SpQci.il Site #15). The Pidiaque site is in the 

Republic of Panana at lat. 8*31'15" end long. 78*8'7", on a 

ridge overlooking the Sabsna River in Darien. Elevation of the 

site is 240 m; access was by helicopter. The site was used as 

a meterological station by the Atlantic-Pacific Interoceanic 

Canal Study Conaaission during its study of Route 17 for a sea- 

level canal [9]. 
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Fig. 31   Special Site #15 (Pidlaqu*). 
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Fig. 32    Terrain toward northeast  from Pidiaque site. 
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Fig. 33 Terrain toward west from Pidiaque site. 
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*lg. 34 Terrain toward southwest fron Pidlaqu« site. 
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Albrook-Road End (Special Site #16).    The Albrook-Road End 

6ite (not pictured) is in the Panama Canal Zone at lat. 9*1'17" 

and long.  79*32'6".    The road to the Albrook Forest site (Data 

Base Site #1) continues for 1 km to a washed-out culvert.    A 

few special samples were collected at this site.    Except for the 

absence of generators, the sit« is equivalent to the Albrook 

Forest data base site. 

Rio Mar (Special Site #17).    Th« Rio Mar site is in the 

Republic of Panama at lat.  8*26'10" and long.  80*0'0".    The 

site (Fig.  36) is similar to the Rio Hato-Beach site (Special 

Site #13) except that the bluff overlooking the beach is higher 

(20 m). 
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Fig. 36   Special Sit« #17 (Rio Mar). 
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Barbadoa-Kaat Potnt (Spactal Site »IS). The Barbsdos-Eaat 

Pt. Bite is on Barbados Island at lat. 1309'16" and long. 

59*28'22".  Ths area is a flat «half of fossil coral rock 

(Pleistocene) with minimal soil cover (Fig. 37). The sampling 

point was near the 8-m East Pt. meteorological tower (Fig. 38), 

built during the 1968 BOMüX I Study [60]. 
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Fig. 37    Special Site »18 <Barba4os-Cast Pt.). 
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Fig. 38 Sampling at Barbados-East Pt. site 

Barbados-North Point (Special Site ffl9). The Barbados- 

North Pt. site is on Barbados Island at lat. 13°19'54" and 

long. 59°36'49".  The site is on the grounds of the North 

Point Surf Resort and is similar to the hiast Pt. site (Special 

Site vl8) except that the surf is heavier. Sampling was con- 

ducted midway between the edge of the coral rock (Fig. 39) and 

the building (Fig. 40). 
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Soskatupo (Spectal Sits »20). Ths Soskatupo cite Is la 

the Republic of Panama at lat. 8#55'34" and long. 77*43'18". 

The lite Is on the top of a hill on the island of Soskatupo, 

one of the San Bias Islands on the Caribbean side of the 

Isthaus. Elevation at the site is estimated at 70 m; access 

vas by helicopter. This site was used as a meteorological 

station by the Atlantis-Pacific Interoceanlc Canal Study Com- 

mission during its study of Route 17 for a sea-level canal. 

Fig. 41 Special Site »20 (Soskatupo) on Soskatupo Island, 
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Fig. 42 Sampling at Soskatupo site. 

Agua Salud (Special Site ff21). The Agua Salud site is in 

the Panama Canal Zone at lat.9*ll'47" and long. 79°48'2". 

A 46-tn walk-up tower (similar to those at Albrook Forest and 

Chiva Chiva Data Base Sites vl  and »2) was erected at the site. 

The forest at this site is intermediate in type between the 

semideciduous forest at the Albrook Forest site (Data Base Site 

vl) and the tropical evergreen forest at Coco Solo (Special 

Site ffl4). Elevation is 80 m. 
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Fig.  43    Surroundings at  Special  Site «21  (Agua Salud) 
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tig. 44 Tower at Agua Salud site (circle) 
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Fig. 45  Sampling at base of tower, Agua Salud site. 

Galeta Point (Special Site "22).  The Galeta Pt. site is 

in the Panama Canal Zone at lat. 9924'11" and long. 79°51'40" 

and is the site of a Smithsonian Institution marine research 

station (Fig. 46). A few special samples were collected here. 
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tig. 46  Sampling at Special Site ff22 (Galeta Pt.). 

Madden Preserve (Special Site ff23). The Madden Preserve 

site is in the Panama Canal Zone at lat. ^b^ll^  and long. 

79°37'A",  in a biological preserve established at the point 

where the Las Cruces Trail crosses the Trans-Isthmian Highway. 

Elevation is 160 m. 
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Fig. 47 Prinat-y growth forest at Special Site '.'23 
(Madden Forest Preserve). 

Fig. 48 Sampling at Madden Forest Preserve site. 
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Miraflores Laboratory (Special Site »24). The Miraflores 

Laboratory site (not pictured) is in the Panama Canal Zone at 

lat. 8,59'52" and long. J^ZS'lS".    The laboratory is inmedi- 

ately adjacent to the Miraflores Locks. Occasional special 

samples were collected in the field of tall grass (to 2 m) 

covering the area to the east of the site. Elevation is 10 m. 

3. S. Advance II (Special Site »25). A special series of 

samples was collected by C. t. Decker and J. R. Smith [60] on 

the S. S. Advance II cruise, which was a part of the Barbados 

Oceanographic and Meteorological experiment (BOMhX) . The 

Advance II (Fig. 49) belongs to the Cape Fear Technical 

Institute, Wilmington, H. C. 

fcss 
fig. 49 Special Site »25 (S.S. Advance II). 
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Soufrisrs, St. Lucia (Social Site ff25). The Soufriere 

site is on St. Lucia Island in the Caribbean Saa «t let. 

13*50'8" and long. 61,2'48".  An active fusaroie (Fig. 50) 

is accessible by road from the town of Soufriere. Seaples were 

collected on a cocoa plantation by the fide of the road leading 

to the fumarole (Fig. 51), and also in the fumarole proper 

(Fig. 52). Sampling elevation varied from 200 to 300 a. 

»JI'Mt'.i-' ' 

Fig. 50 Fumarole (circle) at Special Site #26 near 
Soufriere, St. Lucia. 



VT^y»» jigiT'.w^'l'.i'1" ff** " ■ » ■ ■ ' ■■n>w""T|"iri»"">"^"11."^1 "-■■ .""■» ■■'■■ "'w^ ■-«.'-fc v ■■ ■"■■■" 
^-j*.„, .-..-^«fc,*. n.,-....,. , -- -..-^"--  ^MmUo^AWnlM-i.'...^^ — .'—to-.*—. in».^MI 

45 

i'ig. 51 Sampling on road to fumarole, Soufriere site. 
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Fig. 52    Sampling at fumarole, Soufriere site. 
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C. iAerial Sites 

Tha reference pointg used to describe vertical (aerial) «sa- 

pling sites era ahovn In Fig. 53. Stapling point Ai (over Bruj@3 

Island) is off the Caribbean shore of tha Isthmus In tha vicinity 

of Ft. Shaman, where maritim air frca tha Caribbean impinges on 

tha Isthmus. Area A2 is the Panama Clty-Cheplllo area of tha Bay 

of Panama (Pacific side of tha Isthaus); air at this point has tra- 

versed the Isthmus. Area A3 ia the vicinity of tha southern tip 

of del Rey Island (Pearl lalands) In tha Bay of Panama; air at 

this site has crossed an open body of water after passing over tha 

lathaua. Area A6 ia the Pldiaque site in the Darien area of tha 

Isthmus; this region provided samplea of air which had traveled 

over a completely nonurbanized portion of tha Isthmus. Area 

A7 is over Soskatupo Island on the Caribbean side of the lathmua. 

Details of the sampling pattarna are described In [20], 

Brulas Island (Aerial Site #1). The Brujaa Island flight 
■f 

path ia shown In Fig. 53 as Al. The Ft. Sherman-Colon complex 

la the only possible important source of pollution in the area. 

At all times during sampling thia complex was either 5 ka down- 

wind or lateral to the flight pattern. '* 

Chepillo Island (Aerial Site #2). The Chepillo Island flight      \„ * 
■*■ •'    -■-. -    «j 

path ia identified as A2 in Fig. S3. Flights were made between the 

urban complex of Panama City and the Faclfle-Canal portal« and  .,        ij. 
' ■ . »."'S 

smoke plumes to the north of Chepillo Islutd from agricultural ■ 

burning on tha mainland. d 
■ A 

I 
■: I 

I 
V- ■.fe'.&i'.'}:<■• 
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Pal lay Islmtd (Aarlal Site *3). Tha dal R®y Island flight 

path 1« shosm as A3 In Fig. S3. The circular flight path waa 

over tha extresja southern tip of tha peninsula on tha south and 

of tha Island. Eel Ray is tha southernmost major island in tha 

Paarl Islands. 

Penan« City (Aerial Sita »4). Tha Panama City flight vas 

. a circle 1 km in diameter over the canter of the city; it ia 

shown as A4 in Fig.. 53. 

Waddan Dan (Aerial Site »5). The Madden Dam flight path 

«as a circle 1 km in diameter over Madden Dam, and is shown 

as A3 in Fig. S3. 

Pidiaque (Aerial Site *6). The Pidiaque flight path is 

shown as A6 on Fig. 53. The circular path was over the Pidiaque 

Special Site »15, located on the top of the hill overlooking the 

U Sabana River (southwest) and the Darien Forest (northwest). 

m Aerial Site y6a. During one flight, several samples were 

** collected at 1,828 m early in the flight from Pidiaque to 

H Soskatupo. This is shown on Fig. S3 at A6a. Samples from this 

flight are grouped with Pidiaque samples. 

H Aerial Site »6b. Ssmplea were also collected during the 

m latter part of post-refueling flights from tha Canal Zone to 

®* Pidiaque; this path is shown as A6b on Fig. S3. These samples 

f| are classed as Pidiaque samples since they «11 represent air 

on the leeward side of the Isthmus. 
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Sc^tr^o (Mrl?A.Jf1t;>_j',7l.    Tha Ses'sstapo flight path, 

A7 cn Flg. 53 «ras en oval pattsrn on tha vinämxi eida ov®r 

Spacial Sita r20, Scskatupo Island. 

Aarial Sifcsa ff7a end Wb.   Thsse flight path« ar« shown in 

Fig. 53,89 A7a «nd A7b.   Sasplea «er« collaetad during refueling 

flints from Scskatupo to tha Canal Zona.   The flight to Albrook 

was codified so that s&sples could ba collaetad over tha wind- 

ward ccat of tha Xathsua.   The easples froa theta flights ara 

listed as Soskatupo sesples. 

Barbadon (Aarlal Site r!9).   Sesples were collected on 

selected flights during HCAR's Barbadoa Exp«rinent t60j ; the 

flight path is shown In Fig. 3 and is described in {61] . 

J 
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